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ABSTRACT

THE MOBILE INTERCONTINENTAL
BALLISTIC MISSILE (MICBM)

SIMULATION

Douglas J. Roberts, J. Darrell Morgeson,
Jared Drwkar, and H, W Egdort
Los Alamoa National Laboratory
Los Alamos, New Mexico 87545

The purpoaa of this propct was to invostlgate the
capability Of blending traditbnal discrete event simula-
tion techniques with artificial Intelligence technology, In
order to fulty demonstrate the capabilities of suc$i a
simulation environment, a dltfkult class of simulation
probtem was selected for the project: a mill~ C3 (Corn.
rnand, Coi-,trol, and Communication) eimulaticm. The
hardware chosen for the project was a Symbolica” LISP
machine running an artitklal Intelligence shell cstiad
Knowledge Engineering Environment (KEE~”, The
authors were pleased to cmdude that this environment
provided a powrful simulation ca@llity {n whkh
human decision-making procaasee could be readily
represented,

PROJECT DESCRIPTION

The Physical System Modeled

One of the military syst9ms that has been pro-
Poaed for national defense Is the MMgetman Mdile
Intercontinental BatlisIic Missile (MICBM) system. The
system as proposed would consist of a number ot
mobiie iaunchor organizations Ihai could ba deployed
throughout a reg!on of the Urdted States, A launcher
organization would ba comprtsed of the launcher vehlde
and other support aqulprrmnt and personnel,

Since the MICBM aysta,m does not exist, the
authora “daalgned” the hypothetkai MICBM system,
specifying tha physical ●saeta and atblbutes of a
launcher organization, The foibwlng b ● Ilst of the phy-
dcai equipment comprising a launcher oqanizatton, and
the ameta and attribute of the equipment:
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Actors (Entitles) in the Modal

The following is a list of the suite of actors, or
entities that the mcdel uses to represent the proposed
MICBM system:

(1)

(2)

(3)

(4)

(5)

Launohor Organization, 1 to N may be
represented within the model

A Command Actor represents a fixed hardened
command past, Other actors (Launcher Orgsni.
zations, Supply Tsams, Rooonnsissanc.
Teams) communicate with the Commsnd Aotor
vla radio or land Iino, This actor can grant or
deny requests from other actom, or order other
actors to action,

A Thraat Aotor representa enemy Intelligrwvx It
possesses a suite of serwom (overhead detection
systems, radio dlraction findin~ sys:ems, rrtc ) that
can dated Launohor Organization. or other
mobile actom, or fixed depot sites Upon d@oc-
tion, this actor has Ihe capability to launch a
nuclear att~ck against the actor, or a depot

A Torrsin Advlsorlllastar performs two func.
Hone, First, It malntalns tho ground truth rrrgnrd.
Ing the “world’ of th~ rnodol All inlorm;}hnn
regarding sites, routon, actors, OIC dwnagod or
destroyed by convontlonnl or mclonr i~ttnck IS
maintained by the Torrsin Msstor

Second, tho Terrain Advioor responds 10 im
actor’~ roqucrst for routo Inforulatlon utlllzil lg lhu
actor’s Perrxrpflons of thfr “world”
A PGO~do.Aotor rmli,I ,,nts an ~ntor,,l~l,on “I}t

whereby obsw-vatloft III,IC14Jby clvlllans, h,Im

radio operatom, polico I!IC , can bo brodxst to
any actor within rmmlving rnngrr ThrJarrobsorvo
tlonn may b4r ot damogod or dontroyrrd silos,
cities, highways, or other nctors



Other actors represented within the simulation
include supply sergeants, motor sergeants, communica-
tion centers, and ADP personnel,

The Simulafkm Environment

The desired simulation environment would blend
traditional discrete event simulation techniques with
exparl system-like capabilities to execvte the complex
decision-making events. In order to realistically
represent the behavior of a military operatfrm, the moctd
must have the ability to maintain the “ground truth”
regarding the operation, as well as the individual entities’
perceptions of the truth. Further, the entities must be
able to learn, as facts regarding the operation become
known to them. For example, a town containing a fuel
depot might have been destroyad by the enemy, How-
ever, this fact is unknown to an entity in the simulation
requiting fuel, His decision process regarrhg where to
send a m-fuel team cauld therefore cause him to
dispatch his team to the daefroyed depot. Upo+Iarrtvai,
the m-fuel team would fhen have aocess to the “ground
truth” concerning the statue of the depot, and his per-
ception of the depot’s status can be updated

The hardwsws that was selected for this project
was a Symbolka 3600 with 1 megavvord of memory and
a 300 megabyte disk, KEE was chosen as the software
with which to implement the simulation, Utilizlng KEE’s
abillty to interface with the Symbolic’s native Zetallsp, a
diswete event simulation controller was written In LISP
to drive the simulation, The cemplex C2 (Command and
Control) events were written In KEE’s RuleSystem2,
The leas complex physical events (such as a refueling
operation) were coded in LISP and Immkad as KEE
methods, The suite of actors (entities) within the model
were defined by KEE units.

Owratlonal Concept and Problem Statement

To the largest extent poedbb, It was desired that
the design of the simulation albw the speclfloatiom of the
ofwatbnal concept to rwmain flexible and easily
changed, Thk was accomplished by &flning the C2
(decision-making) events In KEE’a HuleSystem2, The
natuml-lenguaga syntax of KEE’s RuleSyatem2 Is more
easily I@amed and undemtood than LISP code, In this
way the diem can change any aapect of the operational
concept by simply changing the rules defining the event
of Interest.

The problem statement to be answered by this
prototypo simulation Is as follows:

How surdvatrk end w%scflveis fhe MICBM SY6.
torn/n 1~ ●WW of @ha/ nuclear war?

To anawer this question, the model reports the
followlng information:

(1) Numbem of Iaun&om damaced or destroyed
before tf’wy could carry out their mlsdon,

(2) Numbers ●nd types of pemonnel Iosaea,

(3) Amount of communications traffic that was not
received, and

(4) Information regarding enemy detection

Participants

Darrell Morgeson (S-6) was the project leader,
Douglas R~berts (S-6), was responsible for the overall
design and software engineering for the project Jared
Dreicer (S-6) deagned the decision-making (C2) events
Kathy Burris (S-6) and Jan Stelzer (S-6) provided pro-
gramming suppml.

Funding History

This was the fiist year of the project and no prevl-
ous funding had existed for it. The funding for the project
was $50DK.

ACCOMPLISHMENTS

The following has been accomplished on the
MICBM simulation during the past fiscal year:

(1) The Software Requirements Document was
devetoped and reviewed by staff.

(2) The Preliminary Deeign Documont was also
developed and reviewed by stalf,

(3) The Detsiled Design Documen! (Pseudo-code)
has been cwreloped.

(4) A working prototype of the model is running on
the Symbolics 3600 computer

Through this project, much has been learned
regarding the capabilities of an object-oriented code
development envlronmc ,~t (Symbolics/KEE) for produc.
ing C’ simulations. Some of the features of this .mwron-
ment that were investigated during the development ot
the simulation were;

(1) Measege passing between objects (umts) m the
model

(2) Inheritance roles from dams units to subclass
units

(3) Use of the KEE RuleSyatem2 to capture ‘:uman
daciaion-making processes

(4) Use of Zetdiap to coda the simulation conkoller
and the physbal wenta

As a result of this project, the Investigators hml
that the capability to dovolop and irnploment the dlthcull
CJ class of Sl,luiatiorrs GI the Symbohca class ot com
puters has been demonstrated Further, it has berm
shown that these simulations can be developed much
more rnpldly than in the kacitional FORTRAN o,lwron
ment. Ber!bhmarks established during the course of ttw
project show that LISP coda can be dovnlop.?d on n
Symbollcs approximately Iivo !imcJ fil!llr’)f Itli}fl

equivalent FORTRAN codo generated in a moro trndl.
tlonal computing envkonmrr, t

In acktltlon, the Symbolics/KEE envkonmont IS
richer than other traditional simulation tmvimnmnn IS
such as SIAM, SIMAN, GPSS, and SIMSCRIP T com
bining an artifkial Intelligence shell like KEE w!h n
powerful objeot.orlenfed programmitig Iangungo Iiko
Zetnlisp @n result in a discrom event modrrllng cfipabll
Ity .lJ@or in many ways to OthoIS currently In



existence. The authors are satisfksd with the results of
the protdtype MICBM simulation and are preparing gen-
eral “how-to” documentatbn for desiqnlng such simula-
tfons.

However, it was learned that there are some
disadvantages to this environment. First is the speed (or
Iaok therac ‘j in modal exacutiin, Second is the lack of
any of the discrete event modeling tools such as a simu-
lation controller or a Iibray of probability density func-
tions.

FUTURE PLANS

A natwal follow-on study will be to invastigata
using Al techniques to develop a Planner, This planner
will simulate the deoision-making capabilities of a com-
mander In @mbat. We expect that the product of this
research wIII be very useful in enhancing the overall
capability of our combat simulations in the performance
of anaiysie to+ studying the effeot o! weapons system on
the battfefiald.

We hew briefed numtwoue DOD offfcials on our
results, inducting the Undersecretary of the Army, The
Army has agreed to otatbn two full-time Army Military
Research Aesodates with S-5 to participate in research
on oommand and contfd during the coming years.


